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INTRODUCTION 
The •c• factor has long been a much discussed 
problem aaong engineers concerned with aerial mapping. 
It is a problem that directly affects the economy of 
every mapping job where aerial photographs form the 
basis of the topographic interpretation. 
First. it will be necessary to aiscuss. at length. 
just what is meant by the term •c• £actor. What does 
it include and upon what does it depend? or what good 
is it and how variable is i~? 
It is a term used ia aerial mapping to indicate 
the ratio of the flight height to the contour interval. 
A •c• factor of 800 means that the flight altitude was 
800 times the contour interval. If the intended contour 
interval were 10 feet. then the flight altitude aust 
be 8000 feet above aean ground. If the intended con-
tour interval were 5 feet. then the flight altitude must 
be 4000 feet above mean ground. 
Now comes the question of how it aay be used in 
actual practice. Suppose it is desired to map an area 
using a 10 foot vertical interval between contours. 
What •c• factor should be used? The planning engineer 
must examine the terrain involved and arrive at an 
1 
answer. His answer will depend. not upon a set of tables. 
or a formula from a text book. but upon his judgment. 
2 
He will consider whether the slopes are steep or £lat, 
whether the area is predominantly wooded or clear, the 
accessibility o£ the area to ground survey parties, the 
type of photogrammetric plotting instruments to be used, 
and many possible items, but most of all he should con-
sider the required standard ·or accuracy of the £inished 
product. I£ several engineers were asked to form opinions 
independently, there would probably be several different 
answers depending upon the experience of each. As an ex-
ample of this di££erence of opinion. the Eastern region of 
the United States Geological Survey commonly used a "C" 
factor of 600 in its multiplex mapping of areas where 10 
foot contours are used; whereas. the Central region com-
monly uses a "C" factor of 850 on similar areas. 
What are the advantages of using a high or a low 
"C" factor? The answer to this question is a matter of 
economy. All aerial mapping requires a certain amount 
of ground surveying. The amount o£ ground surveying re-
quired depends largely upon the number of aerial photo-
graphs taken. A higher flight altitude requires fewer 
pictures and. therefore, less ground surveying, less 
photo-processing of negatives, less office work in the 
planning of survey work, fewer models to work in the 
plotting instruments. to mention a few of the processes. 
Immediately, the question arises--why not use a "C" 
factor of 2000? In this case, the answer is that the 
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higher the flight altitude the more difficult it becomes 
to maintain a prescribed standard of accuracy throughout 
the photogrammetric stages. the most critical stage being 
the stereo-plotting. 
It is a problem that involves a number of complex 
variables for which no definite value can reasonably be 
established. For example. some of the variables affecting 
the accuracy of a multiplex diapositive are as follows: 
(1) the quality of glass of which the diapositive 
is made 
(2) the quality of the emulsion 
(J) the degree of adhesion between the emulsion and 
the glass (sometimes the emulsion is said to slip) 
(4) the ac cu racy or th~ diaposit ive printer 
(5) the temperature, quality and speed of the developer 
(6) the ability and conscientiousness of the photo-
grapher responsible for the processing 
The term itself may be used rather loosely in its 
meaning. For the purpose of this study. however, the 
evaluation of the finished stereo compilation will form 
the basis for such conclusions as may be reached. Care-
ful reshaping of contours to eliminate the obvious irregu-
larities inherent in the use of the tracing table is con-
sidered to result in improved accuracy and, therefore, 
has been incorporated as a part of this test. The practice 
of "respacing " contours has been eliminated as being a 
possible source of error not to be tolerated in an 
investigation of this kind. though some wooded area is 
included. 
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From the preceeding discussion. it is clear that no 
really definite •c• factor can be ascribed to any plotting 
instrument and be considered as dependent upon the quality 
of the instrument only. Also, it is conceivable that a 
situation may arise whereby a 10 foot vertical interval 
between contours may be specified, and at the same time, 
specifying that the accuracy required. instead of the 
customary ! half contour interval, shall be ! two feet. 
This would require a "C" factor normally applicable to 
4 foot contours and a flight altitude of possibly 3000 
feet. thereby indicating a •c• factor of 300 for this 
hypothetical ease. 
In like manner. a comparable condition exists when 
the compilation is really more accurate than the speci-
fications require. making possible the use of a higher 
•c• factor than was actually used. For example, suppose 
an area were flown at an altitude of 5000 feet and the 
specified contour interval were 10 feet. After the com-
pilation is completed, it is found by field test that the 
contours are accurate within ! 3 feet, whereas the speci-
fications require only ! a half contour interval or 5 
feet. This would indicate that a "C" factor of 650 or 
possibly 700 could have been used. thereby effecting 
greater economy in the making of the map. 
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PURPOSE OF RESEARCH 
After due consideration of the facts and hypothetical 
conditions enumerated herein, it was decided that this 
work would be devoted to developing a means of determining 
~he most econQmical ~ factor to be used; one that ~11 
be consistent ~th ease of operating the plotting machine. 
the required accuracy of the finished compilation and economy. 
In other words. the highest value of the "C" factor that 
will produce results within the accuracy requirements under 
normal operating procedures. 
As a secondary project. it was decided to plot a 
curve using points determined by analyzing a series of 
spot readings made at each altitude tested. In well 
tlattened models, this test should provide a well graduated 
series of points such that the resultant curve might be 
considered as an accuracy rating or "C" factor curve 
ascribable to the plotting instrument itselr. the human 
element being practically a constant. 
It is not expected that this thesis will present a 
complete and fool-proof answer to the problem. It is hoped. 
however. that a method of approach leading to a reasonable 
solution will be presented that will make a start in the 
right direction and justify additional research that will 
finally divulge an answer satisfactory to all concerned. 
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~ffiTHOD OF APPROACH 
It is theoretically possible to use one of' any 
number of' 11 C11 factors with any mapping job. However, 
as has been enumerated previously, the reason for not 
using a smaller ratio than necessary is a matter of' 
economy. The upper limit of' the ratio must be that 
value beyond which the required accuracy of' the stereo 
compilation will be compromised. Therefore, since the 
greatest economy is achieved when the upper limit of' the 
11 C11 f'actor is used, the problem is resolved into a matter 
of' determining those upper limits. If a definite value 
could be determined f'or the vertical error normally to be 
expected to occur in using photographs taken at some 
known altitude, then by taking photographs of' the same 
area from seve,ral different altitudes a limit of' the 
accuracy of' each altitude could be determined. 
By plotting the errors as the abscissa versus the 
fli ght altitude as the ordinate, the resultant curve 
should be one such that for any g iven accuracy require-
ments the maximum or most economical flight height 
could readily be determined. Then, with the desired con -
tour interval known, the most economical 11 C11 factor may 
be derived if' desired. 
The investig ator in attempting to establish such a 
curve, has kept in mind throughout the investigation that 
different operators will achieve different results. Also, 
7 
it was realized that different machines of the same 
general type will produce ·a variety of results, t h ough 
the variation would, in this case, be so small as to be 
negligible when compared with the operator results. To 
be in keeping with g ood ma pping practice and in order 
that the human error should be as nearly a constant . as 
possible, the process of parallaxing, scaling and 
flattening was performed as accurately as possible. 
THE USE OF FLIGHT riiARKERS 
In an effort to improve the reliability of the test 
results, the usual means of checking a contoured area by 
the profile method was discarded as being less accurate 
than desired. 
In order that a higher degree of accuracy would be 
achieved, a series of markers were placed in a rep-
resentative area along the general direction of a contour. 
These markers must needs be visible on the photographs 
and the elevation of each must be known. They could not 
be placed directly on a contour, however, because this 
would create a strong tendency for the operator to 
merely trace through the points as seen on the projected 
model. 
PREPARING THE TEST AREA 
An area about 3000 feet long was selected, partly 
in the woods and partly in the open, on slopes varying 
from moderate to steep (from 5% to 18% approximately). 
Sixty points were surveyed on this area with a dumpy 
level. Twenty were placed throughout the length of the 
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area at elevation 942. 8 . The other forty points were 
placed above and below this elevation, the var i ation in 
eleva t ion beinc from one foot above and below to nine 
feet above and below. Tbe thoueht behind this procedure 
was not only to discourag e the operator from tracing the 
contour through t h e points, but, also, to provide suff'i-
cient vertical s pace for the placing of more than one 
contour through the test area at each altitude. In this 
way it was possib le to utilize more check points in close 
proximity to a contour rather than make long measurements 
with a corresponding increase _in the difficulty of 
determining the proper ground position in the field. 
(See Measuring H Distance). 
In order that a better scaling and flattening 
solution might be obtained for the large scale models, 
markers were placed in other advantageous positions 
(See Control Surveys). This eliminated the necessity of 
de pending upon fence corners, road intersections and 
like identifiable objects. An examination of the 1940 
foot altitude photographs will sh ow that t h ere are very 
few g ood natural p o i nts f or either horizontal or vertical 
. 
control to be found in such a s mall area. 
The mar kers used were p a per weighted with roc ks. 
They varied in size from about 20 to 36 square feet. 
The smaller ones were in the form of a solid rectang le 
wh erea s some of the larger ones were in the form of a 
box, while others were in the form of a cross as shown. 
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5' o~~, 6' 
Figure No. 1 
Various Shapes and Sizes of Markers Used 
Of the three shapes, the solid rectangle seemed to 
give the best results. Above six thousand feet none of 
the markers retained their identity. They became merely 
white dots, though they were still clearly visible on 
photographs taken at twenty thousand feet. (The ability 
of an object to create a reaction on the emulsion at a 
high altitude is a function of the a mount of light re-
fleeted toward the camera and not of its size. See more 
detailed explanation in discussion of results). 
CONTROL SURVEYS 
,2~ 
Twenty-three flight markers, in addition to tho~e ' 
used in the contour test area, were placed in order to 
facilitate the scaling and flattening of the lower 
altitude models. The position and elevation of each 
and the elevation of additional identif iable points were 
established by transit traverse and leveling using third 
, 
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order meth ods. (F i gu r e 2). 'l'h e transit tra verse lines 
closed within four feet which was well with in the re-
quired accura cy, while the level lines closed to with-
in two ten ths of a f oot, also, well with in the required 
accuracy. However the leveling errors were distributed, 
nonetheless. 
The elevation of t h e contour area markers was es-





THE AERIAL PHOTOGRAPHS 
The aerial photographs were flown by Aero-Explora-
tion of Tulsa, Oklahoma. A modified Fairchile K-17 
camera with a six inch Bausch and Lomb Metrogon lens was 
used (Figure 3). The camera was mounted in a P-38 Plane. 
The shutter speed was set at 1/200 of a second through-
out all the flights, with the plane slowed to approxi-
mately 150 miles per hour for the lowest altitude. The 
weather conditions were excellent, and the pictures were 
taken between 10:20 an d 11:30 a.m., April 29, 1952. 
(F i gure 4). ':.Che leaves were beg inning to come out, but 
were not far enough advanced to more than add a sense of 
reality to the problem of contouring through the wooded 
areas. 
TH'E BASE SHEET PREPARATION 
The scale of the photographs at mean ground level 
were dete~nined as closely as possible by comparison 
with an existing U. s. Geological Survey 1/24,000 scale 
map . (F igure 5). The altitudes as reported by the camera-
man were revised to f it the photo scale in order that the 
sc a le of t h e base sheet projectors would be such as to 
orient the multiplex projectors as nearly to their optimum 
projection distan ces a s would be con sistent with g ood 
planning . 
Metal mounted pap er was used in the preparation of 
the base sheets. Though the area was s mall, the horizont& 
13 
~ igure 3 . Len s Ca libration Re port . 
UNITED STATES DEPARTMENT OF COMMERCE 
WASHINGTON 




ONE PHOTOGRAPHIC OBJECTIVE 
mounted 1n 
Fairchild Aerial Camera o. AC41-~21 
Submit ed by 
Aero Exploration Company, 
4120 South Peor1 , 
Tul s , Ok1 abom • 
on 
January 16, 1947 
Equiv lent focal length 
Ca11br t d toe 1 length 
The prob ble errors of th •e determinations or focal 




o.oo o.oo +0.01 +0.04 +0.05 +O.OS +0.11 +0.06 -0.12 
The value of th distortion ar measured in millimeters 
and ind1oat the displAcement of the 1rnag from 1te d1stort i on-
tr e position. pos1tiv valu indicates a d1 placement from 
th c nter ot the pl te. The prob ble rror is pprox1Q-tely 
!0.02 • 
Len 
n nti l 7 













Figure 3 . Lens Calibration Re port. 
* 2 * 
The valu es of the resolving power are given t 5° inter-
vals from t he cent er of the field and ar obtained by photo-
graphing suitable test ob ts oo pr1sed ot patterns ot 
parallel lines. The series of p tterna ot the te t ohart are 
imaged on the negative with the lines apaoed 4.!, 7,10,14,19, 
27,~,55, and 77 lines to t he mill1 eter. The row arked 
•Tangential. • gives t he numb r of l1n a . er mJ.ll1meter 1n the 
image on the negati e ot the fine•t p-'tern of th te t chart 
th~t 1 41st1nctl7 r solved into ·• par . te linea when the linea 
lie perpendicular to th ~ · ~us drawn trom the cent r of t h e 
field. The row marked 1~a41al." g1Y a a1 il.ar va1uea tor t he 
pattern ot test 11nea ly1 parallel to t h r 1ua. · 
~1 measur menta were made 
on the 1 ns. he ett'ect1v w v 
575 m1111m1cron • 
Tb ttaohed ak tc ho 
po~nt with r p ct to the · 1nt 
o o ite 1r ot coll1 
rror ot this d t rmtn 
1 1 















Figure 4. Photographer 1 s Report 
FLIGHT ALTIMETER AIR HAZE TEMPERATURE ESTIMATED Cft.MERA DIAPHRAGM REMARKS 
NUMBER CONDITION GROUND SPEED SPEED SETTING 
1 2000 rough light 23 deg. c 150 mph 225 F-14 Exp. 6 thru 12 
71 thru 78 
drift 6 deg. R 
2 4710 rough light 18 deg. c 150 mph 225 F-14 Exp. 13 thru 18 
66 thru 70 
drift 6 deg. R 
6600 smooth medium 15 deg. c 100 mph 225 F-14 Exp. 37 thru 40 
drift 4 deg. R 
4 9000 smooth medium 9 deg. c 100 mph 225 F-14 Exp. 41 thru 1/J 
drift 2 deg. R 
5 12300 smooth medium 1 deg. c 250 mph 225 F-14 drift 2 deg. R 
6 15100 smooth heavy 3 deg. c 250 mph 225 F-14 Exp. 53 thru 57 
drift 2 deg. R 
control was p lotted by use of geographic coordinates. 
(Figure 5) 
MAKING THE DIAPOSITIVES 
--- -~~~~~~= 
The negatives were somewhat underdeveloped and, 
therefore, special care was needed in order to bring 
out the detail a n d accentuate the contrast to t he best 
advantage. Excellent results were achieved by using 
a split developer that is designed to p roduce clearer 
16 





Above * Alti tude 
Flight Mean Above Photo Plotting 
No Ground Check Sea level Scale Scale 
1 1840 1940 1962 1919 1940 2900 1 1 
3850 1680 
1"=321 1 1"=1401 
2 3750 4186 4120 42CJ1 4170 5130 1 1 
8277 3600 
1'1=6901 1"=300 1 
3 5640 6030 6086 6125 6080 7040 1 1 
12, ())8 5160 
1 11 =10~ 1 1"=4301 
4 8040 8561 8564 8625 8580 9540 1 1 
17,030 7320 
1"=1419' 1"=6101 
5 11,420 12,269 12, 003 12,038 12,100 13,~0 1 1 
24, 017 10, 000 
1"=2001 I 1"=8331 
6 14,220 14,854 14,711 14,882 14,820 15,780 1 1 
29,416 12690 
1"=2451' 1"=10501 
7 19,065 19,659 19,708 19,958 19,800 20, 760 1 1 
39,301 16,800 
111 =3275 1 1"=14001 
* 
Mean elevation of Test Area = 960 feet above Sea level 
!lrea 
THE MULTIPLE)£ ~ 
Description of equipment. A multiplex operator 
tatally unfamiliar with the flight markers and other 
control was utilized in this phase of the work. Bausch 
and Lomb projectors mounted on a short frruae with an 
adjustable slate table top were used with a tracing 
table equipped with a Veeder Root counter. 
Soo~ readi~ tests. The process of parallaxing, 
scaling and flattening the models was carried out care-
fully in order to assure consistent results. Although 
an abundance of vertical control had been obtained, only 
one point near each corner of the neat model and one or 
two near . the center were used. 
In making the series of spot reading s for each 
altitude the points to be used were selected with care. 
Every effort was made to see that the points were re-
presentative of the entire area of the model and that 
they were good readable points and not misleading. 
The spot readings, with the operator in ignorance of 
what the readings should be, in addition to being re-
cognized as yielding the best results of which the 
plotting machine is capable with the human element in-
cluded, also provides, on well distributed positions, 
a reliable indication of the character of the entire 
model. 
In these tests the points to be read were spotted 
-
on the projection £or the operator who then called out 
his readingp to be recorded. The operator was kept in 
20 
ignorance of t h e correct read ings until after t h e test 
was completed . No attempt was made to use t h e same points 
each time because each change o.f altitude increased the 
area covered by the model and~ therefore, brought new 
points into play. However, some o.f them were used 
several times at different scales. 
These readings are given below so that the reader 
may evaluate them from a different point of view if he so 
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( 1) ( 79. 57) 
79.58 
79 . 55 
79 . 55 
.ve .=79 . 56 
-.01 
SPOT READL \iGS 
Flight 1 
Correct Readings in Parent hesis 
( 2) (27.79) (3) (2 7 .39 ) 
27 .7 -3 27.35 
27 .75 27.35 
27.78 27 .35 
Ave .=27 .77 Ave.=27.3 5 
-.02 -.04 




Ave .=34.08 33.18 
0 Ave.=34.17 
+.02 
(10)(25.93) (11) (31.77) 
25.90 31.73 
25 .90 31.73 
25.88 31.75 
Ave.=2 5 . 89 Ave .=31 . 74 
-.04 -.03 
Maximum error • 09r!lll];::: . 496 feet 
Ave . e rror=.041mm= .23 feet 
( 2) ( 81 . 50) ( 3) ( 83 . 63) 
81 .52 83.65 
81 .45 83 .58 
81.50 83 .60 
Ave.=81 .49 Ave.=83.61 
-.01 -.02 
(4)(31.27 
31 . 20 
31 . 20 
31 .2 5 
Ave .=31 . 22 
-.05 




















FLIGHT .?_(con t. )SPO'r READINGS (c ont . ) 
( 5) ( 85.08) ( 6) ( 80 .00) ( 7 )( 78.88) ( 8 ){ 74.59 ) 
84.96 80.16 78.94 74. 68 
85.08 80.12 78 .90 74.65 
85.08 80.10 78.90 74.65 
Ave.=8S .04 Ave.=80.13 Ave.=78.91 Ave.=74.66 
-.04 +.13 +.03 +.07 
(9)(75.46) ( 10 )( 80 • 2 5 ) (11)(79.86) 
75.65 80.38 80 . 00 
75.57 80.35 79.95 
75.55 80 .35 79.98 
Ave.=75.59 Ave.=80.36 Ave.=79.98 
+.13 +.11 +.12 
r-iaximum error = .13mm = 1.53 ft • 
Ave. error= • 07mm = .83 ft. 
FLIGHT 2. 
( 1 )(54. 78) (2)(57.33) (3 )( 59.22) ( 4 )( 63.49) 
54.57 57.10 59.00 63.25 
54.50 57.18 59.00 63.30 
54.50 57.15 59.00 63 .30 
Ave.=54.52 Ave.=57.14 Ave.=59.00 Ave.=63 .32 
-.26 -.19 -.22 -.17 
( 5 )( 59 .46) ( 6) ( 59 .61) ( 7) ( 57 . 08) ( 8 )(54.86) 
59.30 59.45 56 .90 54. 85 
59.35 59 .45 56 .85 54. 90 
59 .30 59 .40 56.90 54. 88 
Ave.=59.32 Ave .=59.43 Ave .=56 .88 Ave .=54.88 
-.14 -.18 -.20 +.02 
23 
SPOT READINGS (c ont.) 
FLI GHT 2 (c ont.) 
( 9) (52. 65) ( 10 ) ( 53 • 69 ) ( 11 )(59. 80) 
52.58 53 .55 59.70 
52 .58 53. 50 59.65 
52 . 58 53.50 59 .65 
Ave .=52. 58 Ave .=53. 52 Ave .=59.67 
-.07 -.17 -.13 
Maximum error = • 2 6mm = 4. 40 ft. 
Ave . error= .16mm = 2.71 ft. 
FLIGHT 4 
(1)(38 . 81) (2)(37.50) ( 3 ) ( 39.13) ( 4) ( 40.08 ) 
3 8 . 93 37. 50 39.05 40.05 
38.95 37.45 39.02 39.98 
38 .95 37.48 39.05 40.02 
Ave.=38.94 Ave. 37 .48 Ave .=39.04 Ave.=40.02 
+.13 -.02 -.09 -.06 
( 5 )( 41.13) ( 6 )( 43.58) ( 7 )( 41.84) ( 8 )(41.91) 
41.15 43.70 41.95 41.95 
41.15 43.65 41.85 41.92 
41.19 43.67 41.85 41.95 
Ave.=41.16 Ave.=43.67 Ave.=41.88 Ave.=41.93 
+.13 +.09 +.04 +.02 
(9)(45.38) (10)(37.46 ) ( 11 )( 38 .80) ( 12 )( 41 • 02 ) 
45.42 37.45 38.85 41.02 
45.35 37 .48 38.75 41.05 
45.38 37 . 45 38.82 41.02 
Ave.=45.38 Ave.=37 . 46 Ave . -38 . 81 Ave.=41 .03 
0 0 +.01 +.01 
Maximum error = .13mm = 3.12 ft. 






Ave .=28 . 29 
-.12 




Ave .=30 .58 
+.13 






SPOT READDTGS (cont.) 




Ave .=27 .47 Ave .=28 .20 
+.02 
-.07 




Ave .-31.99 Ave. =30.67 
+.09 -.01 
( 10 )(27 .42) ( 11 )(28. 63) 
27.38 28.60 
27 . 32 28.58 
27.38 28 .63 
Ave .=27.36 Ave .=28.60 
-.06 -.03 
Maximum error = .17mm = 5.58 feet 
Ave. error= .o64mm = 2.08 feet 
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Ave .=2 6 .88 
+.05 


























SPOT READINGS (cont.) 
(2)(23.05) ( 3) ( 21.15) ( 4)(22 .43) 
22.95 21.10 22.28 
22. 98 21.15 22.35 
22.95 21.12 22.35 
Ave.=22.96 Ave .=21.12 Ave.=22.33 
-.09 -.03 -.10 
(6)(24.17) (7 )(24.21) (8 )(26.03) 
24.15 24.15 2 6 .05 
24.16 24.15 26.05 
24.08 24.15 2 6 .12 
Ave .=24.13 Ave.=24.15 Ave.-26.07 
-.04 -.06 +.04 
(10)(23.83) ( 11 )( 22.55) ( 12 ) ( 22 • 72 ) 
23.82 22.45 22.78 
23.85 22.46 22.78 
23.85 22.46 22. 78 
Ave.=23. 8 4 Ave.=22.46 Ave.=22.78 
-.01 -.09 +.06 
Maximum error= .16 = 6.61 feet 
Ave. error= .067mm = 2.77 feet 
Figure 8 26 
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DRAWING CON1'0UrlS AND TRANSFERRING POINTS 
The test contours were drawn on tracing paper in-
stead of on the base sheet. A piece of 9H lead sharpened 
to a fine point was used in the tracing table and ad-
justed for light contact with the paper. This resulted 
in a fine line or groove being cut slightly into the 
paper which was only faintly visible to the naked eye, 
but clearly to be seen with a reading glass. 
After the contours were traced by the operator, 
the position of each marker was carefully projectedonto 
the tracinb paper, also. For this purpose a small steel 
point was used in the tracing table instead of a piece 
of lead. The result was a faintly pricked hole that aloo 
was visible only under ma gnification. 
The contours were inked and small open-center 
crosses placed to indicate the position of the points 
in order to obtain prints. Also, the photo center and 
points used for scaling, flattening and spot reading 
are shown to illustrate the distribution pattern. 
(Figure 9). 
MEASURIN"G H DISTANCES 
A.:fter the contours were traced and the marker 
positions were pricked, the tracing was magnified 
approximately three times and horizontal measurements 
were made from each point to the nearest point on the 
contour being checked, except in the case of points 
located Ln a valley or draw. In this case the distance 
to the contour was measured up or down the valley. 4 
Figure 9 . Sample of Test Contours. Lettered P oints 
Represent Spot Readin_g Positions . 
+ 
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sc a le g raduated in hund reth s of an inch was used for 
t h is me a surement. Und er ma gnif icati on this afforded 
an es t i mation to a thousandth o~ an · h 
..1. J.nc • The results 
of t h ese measurements were recorded on a field check 
f orm · (F i gure 10) Twenty-four p a g es of these were chec ked. 
Two se t s of contours were traced at each altitude. 
One set was very carefully a nd slowly traced while the 
other was tra ced at normal operating speed. The very 
careful method being seldom used in practice is, there-
r·ore, considered to be of little significance and is 
omitted in t h e writing of this thesis. Suff i ce it to 
say that the results produced similar curves, though 
the v.c. curve was somewhat steeper than the other. 
FIELD CHECKJNG THE RESULTS 
/ 
The equipment used consisted of a dumpy level, a 
Philadelphia rod, a 100 foot chain and a clip board to 
hold the check sheets. 
The c h ecking party consisted of an instrument man 
(wh o also acted as recorder), a chain man a nd a rodman. 
S i nce a f i f teen percent slope causes an error of 
only slightly more than one percent when measured along 
the slope instead of h orizontally6 it was not consid ered 
necessary to use a second chainman in order to plumb 
the chain in measuring the H-distances excep t under 
unusual circumstan ces. Such unusua l circumstances 
cons isting mainly of p oin ts t hat required me a surements 
of more than f ifty feet and where obstacles were 
· - Figure 10 
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encountered • . Otherwise, t h e end of the chain was fixed 
to the center of the flight marker by means of a chain-
ing pin and the chain tben pulled straight up or down 
the slope and the H-distances measured off. 
A stake had been placed as the center of each marker 
vlhen the original survey was made. This afforded a means 
of contimually checkin g the H. 1 . by reading from marker 
to marker. Li kewise, it was a check on the elevation of 
tne markers. No errors were found. 
The elevation of the ground at the plotted p osition 
of the contour was determined simply by measuring off t he 
carefully scaled H-distances, taking a rod reading and 
subtracting it from the B.I. 
After the ground elev-ation of the contour positions 
were determined, the erro~s were determined by subtracting 
the ground elevati on from the contour elevation or vice 
versa. A plus (+) sign ~as used to indicate that the c on-
tour was floating , while a mi nus (-) sign was used to i n -
dicate that the contour was in tbe ground. In the final 
evaluation of the errors a :nd p lotting the curves, however, 
t h e sign of the error was not c onsidered. 
A tabulation of t h e resultan t errors a n d a curve of the 
errors versus fli ght altitude follows. (Figures 11 a n d 12) 
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FINAL RESULTS 
VERTICAL ERROR (In feet) 
Point 
No. Flieht No. 1 Flight No. 2 Flight No. 3 Flieht No. 4. Flight No. ~ ,.1 Flight No. 6 
1 -1.1 -0.8 - 0.6 -1.3 +2. 9 -4. 4 
2 +o.5 +0.2 +1.2 -0.3 +3.1 -3.6 
3 +0.4 -1.1 -0.4 -1.9 +2.4 -1.3 
+1.0 
-0.9 
4 +1.2 +1.2 0 +1.5 
5 +1.1 +0.4 0 +3.8 
6 +1. 0 +1. 0 +J. 0 +6. 8 
7 +1.3 +0.1 - 0.2 +4.9 
8 +1.7 +1.0 
8 +1.0 -0.2 -0.8 +2. 6 +4. 6 
+1.6 +1.5 
9 +o.5 +0. 6 +0.6 +0.1 +3.2 -1.8 
~.7 +1.5 
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FllJAL RESULTS (cont.) 
VERTICAL ERROR (In feet) 
Point 
No. Fli ght No. 1 Fli ght No. 2 Flight No. 3 Flight No. 4 Flight !'Jo . 5 Fli ght No. 6 
10 +1.7 +0.3 -1.1 +2.5 +J. 7 
11 +1.5 -0.6 +0.5 +2.9 +1. 7 
+1.2 +1.5 +1.4 
+1.2 +1.3 
12 +1. 8 +1.1 -0.8 +1.5 +3. 8 +0. 6 
+1.6 +2.6 +1.4 
13 +1. 5 +1.0 +2.0 +3.2 +0.2 
+1.3 +2.2 +1.8 +0.9 
-
14 +1.8 +1. 6 +1.2 +1.0 
+2.3 
15 +1.2 +0.6 +0.6 -0.3 +0.3 
+1.0 +2.3 +2.3 +4.0 
+1.3 +2.1 
--
16 +2.2 +1. 8 -0. 6 -0.1 +3.2 -2. 6 
+1. 2 o.o -0.2 
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FINAL RESULTS (cont. ) 
* 
= in v10ods 
VERI'ICAL ERROR (In feet) 
Point 
No. Flight No. 1 Flight No. 2 Flight No. 3 Fli ght No. 4 Flight No. 5 Flight No. 6 
* 17 +1.5 +0. 6 -0. 8 -1. 2 +4. 7 
+2.0 +1.2 - 0.2 
* 
18 +0.9 -0.4 - 0.7 +1.8 -3. 3 
+0.4 -1.1 -0.1 
* 
19 +0.8 -1.4 -0. 6 -2.9 
* 
20 +0.3 -0. 6 -1.8 +0. 9 +2. 6 
+0.1 +0.4 -1.0 -2.5 
* 
21 +1.5 o.o - 0.8 
* 22 +0.5 +0.1 - 0.8 -0.1 
+1. 6 -2.8 
* 23 +1.8 -0.4 +2.1 +3.8 
+1.4 +2. 4 -1. 5 
+1.2 
24 -1.3 -0. 7 +0.4 -5.8 
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FTI~AL RESULTS (cont.) 
* 
= in ·Hoods 
VERTICAL ERROR (In feet) 
Point 
No. Flight No. 1 Flight No. 2 Flight No . 3 Flight No, 4 Flight No. 5 Flie;ht No. 6 
*25 +1.5 +2. 0 -0.5 +1. 5 +0.1 
+1.2 -1.6 +0. 5 
26 -1.4 +1. 6 -6. 2 
*27 +1.4 +0.8 -1.8 +0,7 +2. 2 
+1,8 +1,3 -1.2 
+1.2 +1, 5 
28 +0. 3 +0. 6 -2.0 +1.5 +0.4 -f1.6 
29 +0.4 -0. 6 -1.8 -1.1 +1, 6 -4. 8 
+1.1 -2.2 +1.8 
* 30 +1.3 -0.3 -1.0 -1.8 +1. 0 -4. 3 
+0.6 +1.4 
31 +0.4 +1.2 -0.9 -0.3 +0,2 -3.4 
32 +2.2 -1.3 +1, 6 +2.7 -1. 2 
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FINAL RESULTS (cont. ) 
VERTICAL EPJ10R (In feet) 
Point 
No. Flight No. 1 Flight No. 2 Flight No. 3 Flight Ho. 4 Flight No. 5 Flicht No . 6 




+1.4 +1.7 -1.9 
+1.1 
34 +1. 6 +1.1 -1. 0 +2. 8 +5.1 
+1.9 
35 +0.6 o.o -2.1 +0. 6 +2.1 -2.3 
+1.0 +1.4 -1.7 +2.1 
36 -0.7 +1.4 -2.2 o.o +4.1 +2.2 
o.o +0.2 -3.0 
+0.8 
37 +2.1 -1. 5 -1. 0 +4.4 +1. 6 
38 +1.1 +0:9 -0.3 +1.9 +5. 2 
+0.7 +2.1 -2. 0 
+0.4 +1. 7 +2. 2 
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FINAL RESULTS (Cont. ) 
VERI' I CAL ERROR (In feet) 
Point 
No. Flight No. 1 Flight No. 2 Flight No. 3 Flight No. 4 Flight No. 5 Flight No, 6 
39 +0.2 +1.5 - 0.7 -0.6 +3.3 +3,4 
--
-2.5 
40 +0.5 +0.7 -0.8 +0.9 +2.9 +J. 7 
+O.l +1.4 -0,5 
41 -0.3 +1.4 -1.9 +0.8 +4. 5 +1.5 
+0.4 -0.1 
-1.1 
42 +1.7 +1.1 -1.6 +1.3 +2. 6 
+0.9 
--
43 +0.6 +0.2 -1.2 -1.3 +1.6 
44 o. 0 -0.1 -1.8 -0. 6 +3.6 
+0.5 -0.1 -1. 5 
45 -0.3 -0.5 -1.8 -2.8 -2. 3 
46 - O.ii +2.1 -0.3 - 0. 5 +1.1 +0. 7 
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FINAL RESULTS (cont . ) 
VERTICAL ERROR (In feet) 
Point 
No. • Flight No. 1 Flieht No . 2 Flight No. 3 Flight No. 4 Flight No. 5 Flight No. 6 
+::>.5 
+0.1 
47 +0.2 +1. 7 +0.2 -2. 0 +1. 0 +1. 0 
o. o 
48 +0.6 -2. 8 -1.0 +2. 4 -0. 6 
-2. 5 
49 -0.1 +O.i -1.1 -1.9 +1.1 -1. 6 
+0.1 +0.2 -1.2 
+O.l +0.5 
50 -0.4 -1.5 -1.9 +2.2 
51 +0.3 +0.2 -2.2 -2.7 +o. 8 
--
+1. 0 -1.6 -0. 9 
52 -3. 0 
53 +o.l -0.7 -2.6 -0. 9 -1. 0 -0. 7 
+0. 5 +0. 9 -1.3 +2. 4 
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FINAL RESULTS ( cont, ) 
¥- = in woods 
VERTICAL ERROR (In feet ) 
Point 
No. Flight No. 1 Flight No, 2 Flight No, 3 Fli ght No. 4 Fli ght No, 5 Flight No, 6 
+0.5 +1.1 
54 -1.3 -0.2 -2.0 -2. 0 +1. 9 +0. 6 
+0.4 +o,1 -1.3 +1.9 
*~ +0.7 +0.2 -2.5 
+0,4 -1.5 
+1.4 
56 -0.1 -2.2 -0.3 -3.4 +2.4 -1.3 
+0,3 -0.9 -1.4 -2.1 
57 +3. 0 +0,2 
58 o. o +0,8 +0,6 +2.4 +6.1 
o.o 
59 o.o -0.4 -2.2 +0.4 +5.5 -2.1 
+0.7 +1.2 -3.6 -1.1 




Flight No. 1 
Summation -- 73,+1 s 
9-'s 






FINAL RESULTS (cont.) 
VERI'ICAL ERROR (In feet) 























General Discussion of the Results 
--- . 
The group of 
errors determined appears to be very representative of 
actual mapping practice. Although the shape of the lower 
p ortion of the accuracy curves came as somewhat of a sur-
prise, there are some g ood arguments as to why it should 
be so, as will be pointed out later. It is significan t 
tha t the shap e of all three curves plotted are very similar. 
If the shape had changed radically after some of the 
largest reading s were discarded, it would have been taken 
as i ndicative of unreliable results. 
It is evident from an examination of t he errors that 
the progression is uniform from zero to a maximum. There 
is no sudden leap to a larger positive or negative value 
in any of the altitudes as the reading s near their top 
values. In fact, an examination of the curves shows that 
the variation in the top ten percent of the errors for 
each altitude is remarkably uniform. 
Significance is placed u pon the fact t hat in fli ghts 
1, 2, 3, 5, and 6, the errors are overwhelmingly positive 
or overwhelming ly n e gative. This, no dou bt, is due 
p rimarily to the orien tation solution. 
Flight number 4 yielded the best group of reading s 
with 38 positive a n d 36 negative errors. While this is, 
of course, a highl y desirable condition, it i s felt that 
since this rep resents a better orientation solution than 
is generally achieved in practice, it should not be 
allowed to in:fluence the accurac y curve too much. This 
represents an unbiased group o:f precise measurements .(l) 
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(1) Eisenhart, Churchill and Bicking , C. A., The Reliability 
o:f lvieasured Values, Photogrammetric Engineer, Vol.l8, 
pp .543-558, June 1952 
The spot readings p roduce a good curve i:f the read-
ing s :for altitude number 3 are omitted. The large error 
in this group o:f reading s cannot be accounted :for. The 
model apparently :flattened well and no residual or local 
parallax was noticed. The contours checked well, yielding 
no outstanding errors as may be seen u p on examining the 
accuracy curve. It is p ossible that the reauings were 
taken some distance :from the true p osition. In some o:f 
these points there is an elevation change close b y the 
point such as a road embankment or the corner o:f a pasture 
with weeds and briars growing just beyond reach o:f the 
cattle. Another possibility is that the Veeder Root counter 
may have been set wrong in indexing. I:f the counter were 
corrected b y +.20 mm , only point number 7 would be slightly 
above the expected range o:f error. 
The writer, also, took s p ot readins s on t h e models 
as a check against the operator. This set o:f reading s 
indicated nothing out o:f the ordinary :for this particular 
altitude. These reading s y ield a maximum error o:f .lOmm 
which is equivalent to 1.69 :feet, and an average error o:f 
.042mm or .71 :feet. Both the operator's indicated error 
and his reindexed error are plotted :for the reader's con-
convenience in formi ng his own op inion of' t h e probable 
cause of' this discrepancy . 
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Discussion of' theory . At very loii altitudes, l eaves 
on weeds, the blades of' tal l grasses a n d like objects tend 
to retain t h e i r ide nti t :.' in a photograph . The Jaotion of' 
the camera helps to cause a con fusion of' this detail with 
the earth or back ground . IJ'lhen coupled with the effects 
of increased bumpiness, the p ossible effects of heat waves 
dancing close to t h e earth's surface a n d probably nume rous 
other things, the stereo model has a characteristic soft-
ness t hat te~ds to disappear with increased altitude. This 
cau ses the error curve to change its shap e from convex u p -
".vard at h i gh altitudes to concave upward at low altitudes. 
The adverse effects of low flying are not so ap~arent 
where the area is closely cropped pasture land or a n open 
area where the ground surface is more or less level and 
well defined. The points used for s p ot reading s fell 
p rin cipally in areas of' s u ch g ood ne gative definition, 
t hus accounting f'or t h e a pparen t inc om~)atibility of t h e 
accuracy curve a n d the s p ot readin g curve near t ne lower 
extremities. 
S UiviJ.'iiARY 
Greatest economy in map:9ing is achieved when the 
fli ght height is the ma x imum consistent with the required 
accuracy of the finished c ompilation. The curves uresented · 
in t h is study can be of considerable value in establishing 
a means of determining what the most economical fli ght 
height (or " C" factor) should be for any prescribed accuracy. 
Different cond itions of topography, cove r, geology 
and cultivation have an effect on the accuracy of a map, 
thus requiring a dditional curves to cover all the c ondi-
tions tha t ~ight be encountered throughout the Un ited States. 
However, one or two additional curves could be made to cover 
t h e whole realm of conditions adequately. 
The s p ot reading curve represen ts that degree of pro-
ficiency toward which we should strive. 
The accuracy curve with no errors eliminated represents 
that which is possible today. 
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VITA 
David Hunter Robinson was born August 5, 1911, in 
Blackstock, South Carolina, the son of I1r. and l•Irs. David 
W. Robinson. After receiving his elementary education at 
Black stock, ae entered Clemson College in 1929. His edu-
cation was temp orarily interrupted by the depression of the 
1930's. In 1938, he resumed his studies and was g raduated 
in the class of 1941 •• Upon graduation he was ordered to 
active duty as a second lieutenant in t h e Army. On Septem-
ber 5, 1942, he was married to Hiss l1arie Osteen of Anderson , 
s. c. 
After serving four and one half years in the Topographic 
branch of the Corps of Engineers and being awarded the Bronze 
Star Medal for outstanding performance of duty with Third 
u.s. Army in the European theatre, he was separated in 
January, 1946 with the rank of captain. He accepted a posi-
tion as head of t he Control Branch of Operations and Planning 
Division of t h e Army Ma p Service in Washin g ton, D. c . 
In February, 1947, he returned to Clems on College as 
an assistant p rofe ssor for the purp ose of establishing 
clas s es in Photogrammetry. 
In Sep tember 1951, h e entered the University of ~issouri 
School of :i.viines a nd Ivietallurgy for work on a master of science 
degree in civil .eng inee rin g . 
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